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TRANSMISSION AND SYNCHRONIZER 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[01] The present application claims priority under 35 U.S.C. §1 19 of Japanese Patent 

Application No. 2004-314705, filed on October 28, 2004, the entire content of which is expressly 
incorporated by reference herein. 

TECHNICAL FIELD OF THE INVENTION 

[02] The present invention relates to a transmission with a synchronizer that is used in 
automotive power transmissions etc. and that is equipped with at least a coupling sleeve, a 
synchro hub, a balk ring, and a clutch gear. 

BACKGROUND 

[03] In the conventional manual transmission synchronizer, the coupling sleeve is moved 
by the driver's shift lever operation to change speeds, and the coupling sleeve chamfer and balk 
ring chamfer come into contact. Then, the movement of the coupling sleeve is stopped, the cone 
surface of the balk ring pushes the cone surface of the clutch gear, thus generating a 
synchronizing torque (synchronizing force), resulting in rotation synchronization of the balk ring 
and the synchro hub (for example, refer to Unexamined Japanese Patent Application Publication 
No. H6-33952 and Unexamined Japanese Utility Model Application Publication No. H6-8824) 

SUMMARY 

[04] In the conventional manual transmission synchronizer, the entire synchronizing 
torque (synchronizing force), which is generated when the balk ring cone surface pushes the 
clutch gear cone surface after the contact of the coupling sleeve chamfer and the balk ring 
chamfer, is directly transmitted from the coupling sleeve to the shift lever. Which does not help 
the shift operation force to decrease. 

[05] The present invention was accomplished in light of this point, with the main purpose 
of providing a transmission synchronizer that can effectively lower the peak value of an 
operation load during synchronization. 

[06] In order to achieve the aforementioned objective, the transmission synchronizer for 
the present invention is equipped with a coupling sleeve, a synchro hub, a balk ring, and a clutch 
gear. The transmission also comprises a synchronizing support force generating mechanism that, 
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during a shift when relative rotation is generated between the synchro hub and the balk ring by a 
minute synchronizing torque generated between the balk ring cone surface and clutch gear cone 
surface, converts a circumferential force induced by the relative rotation to an axially applied 
synchronizing support force, with which the balk ring is pressed against the clutch gear. The 
transmission also comprises a relative rotation regulating structure that is located between the 
balk ring and the synchro hub, and when in neutral, regulates the relative rotation between the 
balk ring and the synchro hub so that the synchronizing support force is not generated. 

[07] In the transmission synchronizer for the present invention, when relative rotation is 
generated, during a shift, between the synchro hub and the balk ring by a minute synchronizing 
torque generated between the balk ring cone surface and clutch gear cone surface, a 
circumferential force induced by the relative rotation is converted to an axially applied 
synchronizing support force, with which the balk ring is pressed against the clutch gear, by the 
synchronizing support force generating mechanism. This synchronizing support force is 
generated between the synchro hub and the balk ring and its reaction force is received by the 
synchro hub, so it is not transmitted to the coupling sleeve side. Therefore, the force can be 
called a mechanical synchronizing force (hereinafter referred to as "spontaneous synchronizing 
force"), which is generated inside the device. Accordingly, the shift operation load necessary for 
the rotation synchronization is the load required to decrease the relative rotation that has already 
been lowered by the spontaneous synchronizing force to zero relative rotation. Thus, the peak 
value of the operation load during synchronization can be effectively lowered. 

[08] In addition, when in neutral, since relative rotation between the synchro hub and the 
balk ring is possible, when drag torque is generated in the synchro cone surface due to the weight 
of the balk ring, oil film, etc., relative rotation is induced between the balk ring and the synchro 
hub, thus attempting to generate a spontaneous push load. Because the amount of relative 
rotation between the balk ring and the synchro hub can be regulated when in neutral, so that a 
synchronizing support force is not generated by the relative rotation regulating structure installed 
between the balk ring and the synchro hub control, the generation of the spontaneous push load 
can be prevented. 

BRIEF DESCRIPTION OF DRAWINGS 
[09] Figure 1 is a cross-sectional view of the insert key section in the synchronizer for 
Working Example 1 when in neutral. 
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[10] Figure 2 is an arrow view of the synchronizer for Working Example 1 seen from the 
direction of arrow A shown in Figure 1 . 

[11] Figure 3 is a front view of the balk ring in the synchronizer for Working Example 1 . 

[12] Figure 4 is a front view of the synchro hub in the synchronizer for Working Example 
1. 

[13] Figure 5 is a cross-sectional view of the insert key section in the synchronizer when 
in neutral, as an example of the prior art, and its view from the direction of arrow A. 

[14] Figure 6 is a cross-sectional view of the insert key section in the synchronizer during 
shifting as an example of the prior art and its view from the direction of arrow A. 

[15] Figure 7 is a cross-sectional view of the insert key section in the synchronizer during 
the pushing-through state as an example of the prior art and its view from the direction of arrow 
A. 

[16] Figure 8 is a cross-sectional view of the insert key section for when the relative 
rotation positioning portion is in the locked state in the synchronizer for Working Example 1 . 

[17] Figure 9 is an arrow view of the synchronizer in Working Example 1 seen from the 
direction of arrow A shown in Figure 8. 

[18] Figure 10 is a cross-sectional view of the insert key section in the synchronizer for 
Working Example 1 during synchronization. 

[19] Figure 1 1 is an arrow view of the synchronizer for Working Example 1 seen from the 
direction of arrow A shown in Figure 10. 

[20] Figure 12 is a comparison diagram showing a comparison of the relative rotation 
characteristics and operation load characteristics with respect to the operation time in the 
synchronizer for Working Example 1 as compared to the conventional device. 

[21] Figure 13 is a cross-sectional view of the insert key section in the synchronizer for 
Working Example 2 when in neutral. 

[22] Figure 14 is an arrow view of the synchronizer for Working Example 2 seen from the 
direction of arrow A shown in Figure 13. 
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[23] Figure 1 5 is a cross-sectional view of the insert key section for when the relative 
rotation positioning portion is in the locked state for the synchronizer in Working Example 2. 

[24] Figure 16 is an arrow view of the synchronizer for Working Example 2 seen from the 
direction of arrow A shown in Figure 15. 

[25] Figure 17 is a cross-sectional view of the insert key section in the synchronizer for 
Working Example 2 during synchronization. 

[26] Figure 18 is an arrow view of the synchronizer for Working Example 2 seen from the 
direction of arrow A shown in Figure 17. 

[27] Figure 19 is a cross-sectional view of the insert key section in the synchronizer for 
Working Example 2 during the balk ring chamfer pushing-through state. 

[28] Figure 20 is an arrow view of the synchronizer for Working Example 2 seen from the 
direction of arrow A shown in Figure 19. 

[29] Figure 21 is a plan view of the insert key section for when the relative rotation 
positioning portion is in the locked state for the synchronizer in Working Example 3. 

[30] Figure 22 is an overall system diagram of the automatic MT described in Working 
Example 4, which employs the synchronizer pertaining to the present invention. 

[31] Figure 23 is a flow chart showing the shift operation flow for the automatic MT 
described in Working Example 4. 

EXPLANATION OF REFERENCE SYMBOLS 



1 


coupling sleeve 


la 


coupling chamfer 


2 


main gear 


3 


clutch gear 


3a 


clutch gear cone surface 


3b 


clutch gear chamfer 


4 


balk ring 


4a 


balk ring cone surface 


4b 


balk ring chamfer 


4c 


balk ring key grooves 


4d 


balk ring convex ( the synchronizing support force generating mechanism ) 


5 


synchro hub 


5a 


synchro hub spline teeth 
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5d synchro hub concave ( the synchronizing support force generating mechanism ) 
6 insert key 

7, 7\ 7" relative rotation positioning convex portion (relative rotation regulating structure) 

8, 8\ 8" relative rotation positioning concave portion (relative rotation regulating structure ) 

1 1 key spring 
42 automatic MT 
44 shift actuator 

DETAILED DESCRIPTION 
[32] Provided below is an explanation for the most favorable embodiment for realizing the 
transmission synchronizer for the present invention, with reference to Working Examples 1-4 
shown in the Figures. 

Working Example 1 

[33] First is an explanation of the constitution. Figure 1 is a cross-sectional view of the 
insert key section in the synchronizer for Working Example 1 when in neutral. As shown in 
Figure 1, the transmission synchronizer for Working Example 1 is equipped with coupling sleeve 
1, main gear 2, clutch gear 3, balk ring 4, synchro hub 5, and insert key 6. 

[34] Coupling sleeve 1 is an input member for the speed change operation load (manual 
control force or actuator driving force). Coupling sleeve 1 is connected to synchro hub 5 by 
means of a spline connection, rotates as a single unit with synchro hub 5, and is axially-movable. 
On the inner surface of coupling sleeve 1 is formed coupling chamfer la and fitted into the 
groove of the outer surface of the sleeve is a shift fork (not shown). 

[35] Main gear 2 is rotatably disposed around the transmission rotation shaft (not shown), 
and it rotates with the transmission rotation shaft when the shift operation is completed. The 
main gear is engaged with an output shaft (not shown) via other gears to be rotated with the 
driven tires. 

[36] Clutch gear 3 is a synchronizing member that synchronizes the rotation of said main 
gear 2 and said synchro hub 5 and is integrated with main gear 2 by means of press-fitting. On 
clutch gear 3 are formed clutch gear cone surface 3 a, which is taper-fitted to balk ring cone 
surface 4a formed on balk ring 4, and clutch gear chamfer 3b, which interlocks with coupling 
chamfer la. 
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[37] Balk ring 4 is a synchronizing member that synchronizes the rotation of said main 
gear 2 and said synchro hub 5, is axially-movable, and relatively-rotatable in the circumferential 
direction by only a prescribed amount (positioning distance of the spline teeth chamfer, 
hereinafter referred to as "index distance"), with respect to synchro hub 5. On this balk ring 4 are 
formed balk ring cone surface 4a, which is taper-fitted into clutch gear cone surface 3a, balk ring 
chamfers 4b, which interlock with coupling chamfers la, and balk ring key grooves 4c, into 
which insert keys 6 are positioned. 

[38] Synchro hub 5 is a synchronizing member that is affixed to the transmission rotation 
shaft (not shown) through a spline connection. On this synchro hub 5 are formed synchro hub 
splines 5a, which fit into coupling chamfers la of coupling sleeve 1, and insert key grooves 5c, 
into which insert keys 6 are positioned. 

[39] Insert keys 6 are synchronizing members that are positioned at three insert key 
grooves 5c (refer to Figure 4) formed on the outer circumference of synchro hub 5. Insert keys 6 
are supported by synchro hub 5, coupling sleeve 1, and the key springs 11. The positioning of 
insert keys 6 is achieved by locking the key projections on the outer circumference of insert keys 
6 into the key grooves of coupling sleeve 1 so that they integrally-rotate with synchro hub 5, and 
are axially-movable by engaging with coupling sleeve 1 . 

[40] Figure 2 is an arrow view of the synchronizer for Working Example 1 seen from the 
direction of arrow A in Figure 1 . Figure 3 is a front view of the balk ring for the synchronizer in 
Working Example 1 . Figure 4 is a front view of the synchro hub for the synchronizer in Working 
Example 1 . Below is provided an explanation of the configurations for the synchronizing support 
force generating mechanism and the relative rotation regulating structure. 

[41] Said synchronizing support force generating mechanism is a mechanism that, during a 
shift when relative rotation is generated between synchro hub 5 and balk ring 4 by a minute 
synchronizing torque generated between balk ring cone surface 4a and clutch gear cone surface 
3 a, converts the circumferential force induced by the relative rotation to an axially applied 
synchronizing support force, in which balk ring 4 is pressed against clutch gear 3. 

[42] As shown in Figure 2, the synchronizing support force generating mechanism in 
Working Example 1 is installed in a position that faces said synchro hub 5 and said balk ring 4 
along the axial direction and consists of synchro hub concave portion 5d and balk ring convex 
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portion 4d that generate a synchronizing support force, through the cam surface contact, by 
indexed relative rotation between synchro hub 5 and balk ring 4 

[43] As shown in Figure 2, synchro hub concave portion 5d is a concave with a pair of 
inclined surfaces formed on both sides of insert key groove 5c of synchro hub 5. As shown in 
Figures 4 and 5, synchro hub concave potions 5d are at three positions on the circumference. 

[44] As shown in Figure 2, balk ring convex portion 4d is a convex with a pair of inclined 
surfaces formed on both sides of balk ring key grooves 4c. As shown in Figure 3, balk ring 
convex portions 4d are at three positions on the circumference. The inclination angle of each cam 
surface is determined so that a suitable synchronizing support force is obtained. In Working 
Example 1, the inclined surface has a constant inclination angle of approximately 45°, which is 
effective in generating a synchronizing support force. 

[45] The relative rotation regulating structure is located between balk ring 4 and synchro 
hub 5, and when in neutral, regulates the relative rotation between balk ring 4 and synchro hub 5 
so that the synchronizing support force is not generated. 

[46] The relative rotation regulating structure in Working Example 1 is installed in a 
position that faces said synchro hub 5 and said balk ring 4 along the axial direction and consists 
of relative rotation positioning concave portion 8 and relative rotation positioning convex portion 
7, that regulate the relative rotation between synchro hub 5 and balk ring 4 by means of concave- 
convex contact. 

[47] As shown in Figure 2, for relative rotation positioning concave portion 8, if the 
circumferential gap between the inclined surface of said synchro hub concave 5d and the inclined 
surface of said balk ring convex 4d is LI, and the circumferential gap between relative rotation 
positioning concave portion 8 and relative rotation positioning convex portion 7 is L2, then LI is 
set to be longer than L2. 

[48] Relative rotation positioning concave portion 8 engages with relative rotation 
positioning convex portion 7 when in neutral, and the engagement is released during the 
synchronizing operation. Therefore, they are configured so that L3 is longer than L4 if the axial 
distance of said relative rotation positioning convex portion 7 is L4, and the axial moving 
distance of said balk ring for synchronization is L3 (refer to Figure 1 1). 
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[49] As shown in Figure 2, relative rotation positioning concave portion 8 is a rectangular 
groove, and relative rotation positioning convex portion 7 is one rectangular projection, the top 
of which is rounded. As shown in Figures 3 and 4, relative rotation positioning convex portion 7 
and relative rotation positioning concave portion 8 are installed at one position or more on the 
circumference. 

Explanation of Operation . 

[50] As shown in Figures 5(a) and 5(b), the present applicant proposed a transmission 
synchronizer in Japanese Patent Application No. 2004-135994, which is equipped with coupling 
sleeve 1, synchro hub 5, balk ring 4, and clutch gear 3. The transmission synchronizer also 
comprises a synchronizing support force generating mechanism (synchro hub concave portion 5d 
and balk ring convex portion 4d) that, during a shift when relative rotation is generated between 
synchro hub 5 and balk ring 4 by a minute synchronizing torque generated between balk ring 
cone surface 4a and clutch gear cone surface 3a, converts the circumferential force induced by 
the relative rotation to an axially applied synchronizing support force, in which balk ring 4 is 
pressed against clutch gear 3. 

[51] In the aforementioned prior invention, during a shift, the circumferential force 
induced by the relative rotation between synchro hub 5 and balk ring 4 is converted to an axially 
applied synchronizing support force, in which balk ring 4 is pressed against clutch gear 3. This 
synchronizing support force is generated between synchro hub 5 and balk ring 4, and the reaction 
force is received by synchro hub 5, so it is not transmitted to the side on which coupling sleeve 1 
is located. Therefore, the force can be called a spontaneous synchronizing force. Accordingly, 
the shift operation load necessary for the rotation synchronization is the load required to decrease 
the relative rotation that has already been lowered by the spontaneous synchronizing force to 
zero relative rotation. Thus, the peak value of the operation load during synchronization can be 
effectively lowered. 

[52] However, when in neutral, as shown in Figures 5(a) and 5(b), drag torque is generated 
between balk ring cone surface 4a and clutch gear cone surface 3 a due to the weight of balk ring 
4 or oil film, etc., causing relative rotation between balk ring 4 and synchro hub 5 due to this 
drag torque, and as a result, synchro hub concave portion 5d comes into contact with balk ring 
convex portion 4d, and a spontaneous push load is generated that pushes balk ring 4 against 
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clutch gear cone surface 3 a, (refer to Figures 6(a) and 6(b)). If a spontaneous push load is 
generated when driving in other positions, balk ring 4 stays pushed against the side of clutch gear 
3 and since a constant push load is generated in relation to balk ring 4, balk ring cone surface 4a 
and clutch gear cone surface 3a are brought into frictional contact (refer to Figures 7(a) and 7(b)). 

[53] In other words, when in neutral (no selection of gears), it is configured so that 
synchro hub concave portion 5d and balk ring convex portion 4d come into contact with each 
other due to the drag torque that is generated between balk ring cone surface 4a clutch gear cone 
surface 3a, so a spontaneous push load that pushes clutch gear cone surface 3a to balk ring 4 is 
constantly generated. 

Shift synchronizing operation 

[54] The shift synchronizing operation of the synchronizer for Working Example 1 for 
solving the aforementioned problems is explained below. Here, coupling sleeve 1 is moved to the 
right direction shown in Figure 1 . The rotation of main gear 2, which is rotating at a high speed, 
is synchronized to the rotation of the rotating transmission shaft, which is rotating at a low speed, 
and main gear 2 is integrally-rotated with the transmission shaft. 

[55] When in neutral, there is a relative rotation difference between synchro hub 5 and 
clutch gear 3, and balk ring 4 rotates with synchro hub 5 (refer to Figures 1 and 2). 

[56] When drag torque is generated between balk ring cone surface 4a and clutch gear 
cone surface 3 a, due to the weight of balk ring 4 or oil film, etc., relative rotation is induced 
between balk ring 4 and synchro hub 5 because of this drag torque, and synchro hub concave 
portion 5d and the balk ring convex portion 4d move in the circumferential direction in an 
attempt to make contact. 

[57] However, before the inclined surface of balk ring convex portion 4d and the inclined 
surface of synchro hub concave portion 5d abut, the circumferential gap L2 between relative 
rotation positioning convex portion 7 and relative rotation positioning concave portion 8 
disappears, and L2 -0, so relative rotation positioning convex portion 7 and concave portion 8 
lock with one another and the circumferential gap between balk ring convex portion 4d and 
synchro hub concave portion 5d, or LI, is ensured as a gap in which LV>0. In other words, when 
in neutral, the occurrence of spontaneous push load FN due to the contact between bulk ring 
convex portion 4d and synchro hub concave portion 5d, can be prevented (refer to Figures 8 and 
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9). More exactly, when in neutral, even if drag torque is generated between bulk ring cone 
surface 4a and clutch gear cone surface 3a due to the weight of bulk ring 4 or oil film etc., the 
occurrence of a spontaneous synchronizing force can be prevented. 

[58] Therefore, as shown in Figures 8 and 9, when coupling sleeve 1 is moved from the 
neutral position to the shift direction, insert keys 6 push balk ring 4 and balk ring cone surface 4a 
and clutch gear cone surface 3 a come into contact with one another, but since the distance of the 
movement of balk ring 4, or L3, is shorter than the axial distance of relative rotation positioning 
convex portion 7, or L4, the concave-convex fitting of relative rotation positioning convex 
portion 7 and concave portion 8 is released so the synchronizing operation becomes possible 
(refer to Figures 10 and 11). 

[59] Then, insert keys 6 push balk ring 4, balk ring cone surface 4a and clutch gear cone 
surface 3 a come into contact with one another, a minute synchronizing torque is generated, and 
indexing of balk ring 4 is performed. The indexing is performed (by sliding) along the inclined 
surfaces of the cam of balk ring convex portion 4d and synchro hub concave portion 5d. 
Therefore, a spontaneous synchronizing force is generated by balk ring convex portion 4d and 
synchro hub concave portion 5d at the time that the indexing is performed and balk ring 4 does 
not use the input from coupling sleeve 1 , so the synchronizing operation starts spontaneously. 

[60] Then, after indexing of balk ring 4 is completed, coupling sleeve 1 moves even 
further, coupling chamfer la pushes balk ring chamfer 4b and spontaneous synchronizing torque 
and synchronizing torque generated by the pushing force of coupling chamfer la on balk ring 
chamfer 4b cause the synchronizing operation to take place. When synchronization is completed, 
coupling chamfer la pushes through balk ring chamfer 4b. 

[61] Then coupling chamfer 1 a pushes through balk ring chamfer 4b, and strokes it and 
when coupling chamfer la moves as far as the position between itself and where it comes into 
contact with balk ring chamfer 4b, coupling chamfer la finishes pushing through balk ring 
chamfer 4b. 

[62] Next, coupling chamfer la strokes and interlocks with clutch gear chamfer 3b so that 
synchro hub 5 and clutch gear 3 are integrated by means of a spline connection via coupling 
sleeve 1 and shifting is completed. At the "shifting completed" state, at the point at which the 
synchronization that took place before shifting was completed is finished, balk ring 4 returns to 
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the neutral position (initial position) due to the force of a return spring (not shown in the Figure) 
and relative rotation positioning convex portion 7 and concave portion 8 also return to the initial 
position in accordance with the return of balk ring 4 to its initial position. 

[63] Therefore, for the synchronizer in Working Example 1 , according to the relative 
rotation regulating structure, in order to regulate the amount of relative rotation of balk ring 4 
and synchro hub 5, when in neutral, so that a synchronizing support force is not generated, a 
smooth shift operation can always be ensured, when in neutral, whether or not drag torque occurs 
on the synchro cone surface. This is because when changing gears, regardless of whether or not 
drag torque occurs when in neutral, the operation load characteristics shown in Figure 12, which 
suppress the peak value of the operation load and the synchronizing task volume can be reliably 
achieved. 

[64] In addition, when in neutral, as shown in Figure 2, since the size relationship between 
circumferential gap LI between synchro hub concave portion 5d and balk ring convex portion 4d 
and circumferential gap L2 between relative rotation positioning convex portion 7 and concave 
portion 8 is set so that L1>L2, then when in neutral, contact between the inclined surface of balk 
ring convex portion 4d and synchro hub concave portion 5d, which is generated by the 
synchronizing support force, can be reliably prevented. Furthermore, as shown in Figure 11, 
since the size relationship between axial length L4 of relative rotation positioning convex portion 
7 and the amount of movement L3 in which balk ring 4 moves in the axial direction in order to 
perform the synchronizing operation is set so that L3>L4, then when in neutral, interlocking of 
relative rotation positioning convex portion 7 and concave portion 8 as well as the release of the 
interlocked state of relative rotation positioning convex portion 7 and concave portion 8 during 
the synchronization operation can be reliably achieved. 

Operation Load Characteristics that occur when Changing Gears 

[65] Next is provided an explanation of the operation load characteristics shown in Figure 
12. First, the shift operation of the shift lever is started at point tO. Then coupling sleeve 1 and 
insert keys 6 move from neutral to the right direction, shown in Figure 1, and the operation load 
gradually increases until it reaches point tl, where a shift check ball provided in a centrally- 
located position of the shift operating mechanism, to which the load from the shift lever is 
transmitted, rises up against the spring biasing force, and when it rises at point tl, the maximum 
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shift check load operates and after this, until point t2, the operation load decreases. In the case of 
an automatic MT, at point tO, shown in Figure 12, the shift operation is started and the operation 
load increases gradually until point t2. The operation explained below is the same for both a 
manual transmission and an automatic MT. 

[66] Next, insert keys 6 close up the clearance between themselves and the surface of the 
groove wall of balk ring 4 to begin making contact and the insert key load increases. When balk 
ring 4 moves to the right, as shown in Figure 1, due to the increase in the insert key load, clutch 
gear cone surface 3 a and bulk ring cone surface 4a come into contact with one another, as shown 
in Figures 8 and 9, generating a minute synchronizing torque, and synchronizing caused by the 
synchronizing support force begins at point t3. 

[67] When the synchronization caused by the support force begins, relative rotation occurs 
between synchro hub 5 and balk ring 4 due to the synchronizing torque which occurs between 
the two cone surfaces, 3 a and 4a, and indexing of balk ring 4 is performed. As shown by the balk 
ring indexing in Figure 11, balk ring convex portion 4d of balk ring 4 and synchro hub concave 
portion 5d of synchro hub 5 come into contact with one another. The circumferential relative 
rotation force that is generated when convex/concave portions 4d, 5d come into contact with one 
another is divided into an axial direction force and a circumferential direction force because the 
cam surface has an inclined angle. Of these two forces, the axial direction force serves as the 
synchronizing support force that operates to push balk ring 4 to the side on which main gear 2 is 
located. 

[68] As shown in Figure 12, said synchronizing support force shows an increase and 
decrease in characteristics between t3~t4 (the beginning of the synchronization) and t4 
(maximum amount) ~t5 (the switching point) and synchronizing torque is generated between 
clutch gear cone surface 3 a and balk ring cone surface 4a by the synchronizing support force so 
that the number of rotations AN for relative rotation between synchro hub 5 and main gear 2 
(=first clutch gear 3) decreases from the number of rotations AN1 for initial relative rotation to 
the number of rotations ANO for relative rotation. 

[69] This synchronization by the support force takes place between synchro hub 5 and 
balk ring 4 and since the reaction force of the synchronizing support force is received by synchro 
hub 5, which is affixed by the transmission shaft, it is not transmitted to coupling spring 1. In 
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other words, the synchronizing support force, which is mechanically generated, supports the load 
required for the shift operation without any increase to the shift operation load. 

[70] After this, coupling sleeve 1 moves, and from point t5, which is the intersecting point 
at which the decrease in the characteristics of the synchronizing support force and the increase in 
the characteristics of the operation load added to coupling sleeve 1 intersect, coupling sleeve 
chamfer la and balk ring chamfer 4b come into contact with one another, obstructing the 
movement of coupling sleeve 1 , and due to the strength of this contact force, synchronizing 
torque is generated between clutch gear cone surface 3 a and balk ring cone surface 4a and 
synchronization takes place in the same balk state as with conventional synchronizers. 

[71] For synchronization whereby the chamfers come into contact with one another, since 
it is sufficient to lower the number of rotations AN for relative rotation between synchro hub 5 
and main gear 2 (=first clutch gear 3) from the number of rotations ANO for the relative rotation 
that was already lowered due to the mechanical synchronizing operation to 0 number of relative 
rotations, the peak value for the operation load at point t6 is low, so synchronization ends at 
point t7, where the number of relative rotations is zero. 

[72] Then, when synchronization ends, the synchronizing torque disappears, the 
obstructing force against coupling sleeve 1 is released, allowing for the movement of coupling 
sleeve 1, and at point t6 on, insert keys 6 disengage from the key grooves in coupling sleeve 1 
along with the movement of coupling sleeve 1 in the axial direction, and at point t7, it pushes 
through balk ring 4, at point t8, coupling sleeve 1 interlocks with clutch gear chamfer 3b of 
clutch gear 3 and at point t9, the shift operation ends. 

[73] Therefore, as is the case with conventional synchronizers, during the synchronizing 
operation, the coupling sleeve and the chamfers for the balk ring come into contact and when 
synchronization takes place in which the number of rotations AN1 for the initial relative rotation 
is lowered to zero number of relative rotations due to only the operation load added to the 
coupling sleeve, the operation load increases greatly at the point that is slightly after point t4, as 
shown in Figure 12 for the characteristics of the conventional operation force, and it decreases 
from point t6, resulting in an increased peak value for the operation load. 

[74] In contrast, for the synchronizer for Working Example 1, as described above, before 
coupling sleeve 1 and chamfers la and 4b for balk ring 4 come into contact due to the 
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synchronizing force in which the number of rotations AN1 for the initial relative rotation is 
lowered to ANO number of relative rotations, contact is made between convex portion 4d and 
concave portion 5d formed on balk ring 4 and synchro hub 5 in order to compensate in advance 
for the synchronizing support force that is generated, and the characteristics of the operation 
force that is generated this time, as shown in Figure 12, exhibit a sharp increase and decrease in 
operation load characteristics in the range from t5 to t7. 

[75] Therefore, the peak value of the operation load, as indicated by the period of reduced 
peak values for the operation load shown in Figure 12, can be substantially reduced compared to 
the conventional device. As a result, when shift operation force is delivered by an actuator, for 
example, a compact actuator can be used that has a rated output with the capability to obtain the 
peak value for a lowered operation load. 

[76] In addition, the area indicated by hatching in Figure 1 2 is the period in which the 
volume of synchronization tasks decreases in relation to the volume of synchronization tasks for 
the conventional device. The portion of the volume of synchronization tasks due to 
synchronization support that takes place without adding operation load to coupling sleeve 1 
decreases, compared to the volume of synchronization tasks in the conventional device, thus 
allowing for a substantial decrease in the volume of synchronization tasks. 

[77] Next is provided an explanation of the results obtained. The results as specified below, 
were obtained in relation to the transmission synchronizer in Working Example 1 . 

[78] (1) A transmission synchronizer equipped with coupling sleeve 1, synchro hub 5, balk 
ring 4, and clutch gear 3, comprising: a synchronizing support force generating mechanism that, 
during a shift when relative rotation is generated between said synchro hub 5 and said balk ring 4 
by a minute synchronizing torque generated between balk ring cone surface 4a and clutch gear 
cone surface 3 a, converts the circumferential force induced by said relative rotation to an axially 
applied synchronizing support force, with which said balk ring is pressed against said clutch 
gear; and since a relative rotation regulating structure located between said balk ring 4 and said 
synchro hub 5 is provided for regulating said relative rotation between said balk ring 4 and said 
synchro hub 5, when in neutral, so that said synchronizing support force is not generated, the 
peak value of the operation load during synchronization can be effectively and reliably reduced, 
regardless of whether or not drag torque is generated when in neutral. As a result, when in 
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neutral, the locking up and heating up due to frictional heat of balk ring 4 can be reliably 
prevented, the reliable durability of balk ring 4 can be improved and for manual transmissions, 
the shift operation force applied to the shift lever by the driver can be reduced, and for automatic 
MT, a compact actuator can be used, which is advantageous from the standpoint of both cost and 
space. 

[79] (2) Said synchronizing support force generating mechanism is provided in a position 
that faces the axial direction of said synchro hub 5 and said balk ring 4 and comprises synchro 
hub concave portion 5d and balk ring convex portion 4d, which come into contact with the cam 
surface by means of the indexed relative rotation between synchro hub 5 and balk ring 4 and 
generate a synchronizing support force; and the aforementioned relative rotation regulating 
structure is provided in a position that faces the axial direction of said synchro hub 5 and said 
balk ring 4 and comprises relative rotation positioning concave portion 8 and relative rotation 
positioning convex portion 7 for regulating the amount of relative rotation between synchro hub 
5 and balk ring 4 by means of concave-and-convex contact, thus allowing for a simple 
configuration in which the number of parts is not increased and in which the amount of relative 
rotation between synchro hub 5 and balk ring 4 can be reliably regulated by means of concave- 
and-convex contact. 

[80] (3) Since the circumferential gap between the inclined surface of synchro hub 
concave potion 5d and the inclined surface of balk ring convex portion 4d is LI and the 
circumferential gap between said relative rotation positioning concave portion 8 and said relative 
rotation positioning convex portion 7 is L2, and LI was set to be longer than L2, when in neutral, 
the contact between the inclined surfaces of synchro hub concave portion 5d and balk ring 
convex portion 4d can be reliably prevented by simply setting the circumferential dimensions. 

[81] (4) Since relative rotation positioning convex /concave portions 7 and 8 interlock 
when in neutral and are released when synchronization takes place, when in neutral, the 
occurrence of the spontaneous push load FN can be reliably prevented, and when 
synchronization takes place, indexing of balk ring 4 and the shift operation can be ensured. 

[82] (5) Since the axial distance of said relative rotation positioning convex portion 7 is L4, 
and the amount in which said balk ring moves in the axial direction in order to perform 
synchronization is L3, and L3 was set to be longer than L4, the occurrence of spontaneous push 
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load FN can be reliably prevented when in neutral, by simply setting the axial dimensions, and 
when synchronization takes place, indexing of balk ring 4 and the shift operation can be ensured. 

[83] (6) Since said relative rotation positioning concave portion 8 is a rectangular groove 
and said relative rotation positioning convex portion 7 is a single rectangular projection, relative 
rotation positioning convex portion 7 and concave portion 8 for regulating the amount of relative 
rotation between synchro hub 5 and balk ring 4 can easily be manufactured. 

Working Example 2 

[84] For Working Example 2, the relative rotation positioning convex/concave potion is a 
trapezoidal structure instead of the rectangular structure used in Working Example 1 . 

[85] Figure 13 is a cross-sectional view of the insert key portion for the synchronizer for 
Working Example 2 when in neutral. Figure 14 is an arrow view of the synchronizer for 
Working Example 2 seen from the direction of arrow A in Figure 13. The overall configuration 
and the configuration for the synchronizing support force generating mechanism are the same as 
those for Working Example 1 , so an explanation for these configurations has been omitted. 
Below is provided an explanation of the relative rotation regulating structure that has been 
modified for Working Example 2. 

[86] The relative rotation regulating structure for Working Example 2 comprises relative 
rotation positioning concave portion 8' and relative rotation positioning convex portion T 
whereby said relative rotation positioning concave portion 8' is a trapezoidal groove with a 
narrower circumferential length at the opening than the circumferential length at the bottom, and 
said relative rotation positioning convex portion T is a trapezoidal projection with a wider 
circumferential length at the top than the circumferential length at the base. 

[87] If the circumferential length of the opening of said relative rotation positioning 
concave portion 8' is L5 and the circumferential length of the top of relative rotation positioning 
convex portion T is L6, then L5 is set to be longer than L6, as shown in Figure 20. 

[88] Next is provided an explanation of the operation. 

Shift synchronizing operation 

[89] When in neutral, there is a relative rotation difference between synchro hub 5 and 
clutch gear 3, and balk ring 4 rotates with synchro hub 5 (refer to Figures 13 and 14). 
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[90] When drag torque is generated between balk ring cone surface 4a and clutch gear 
cone surface 3a, due to the weight of balk ring 4 or oil film, etc., relative rotation is induced 
between balk ring 4 and synchro hub 5 because of this drag torque, and synchro hub concave 
portion 5d and the balk ring convex portion 4d move in the circumferential direction in an 
attempt to make contact. 

[91] However, before the inclined surface of balk ring convex portion 4d and the inclined 
surface of synchro hub concave portion 5d abut, the circumferential gap L2 between relative 
rotation positioning convex portion T and relative rotation positioning concave portion 8' 
disappears, and L2-0, so relative rotation positioning convex portion T and concave portion 8' 
lock with one another and the circumferential gap between balk ring convex portion 4d and 
synchro hub concave portion 5d, or LI, is ensured as a gap in which LV>0. In other words, when 
in neutral, the occurrence of spontaneous push load FN due to the contact between bulk ring 
convex portion 4d and synchro hub concave portion 5d, can be prevented (refer to Figures 15 
and 16). 

[92] In addition, the reverse slope from relative rotation positioning convex/concave 
portions T and 8' also operates when in neutral, so that when drag torque is generated between 
balk ring cone surface 4a and clutch gear cone surface 3 a, due to the weight of balk ring 4 or oil 
film, etc., and when the circumferential length of relative rotation positioning convex/concave 
portions T and 8' becomes zero, draw force fN is generated when balk ring 4 is returned in the 
direction of synchro hub 5 due to the reverse slope of the inclined surfaces. In other words, even 
if there is input such as vibration in the direction in which balk ring 4 and synchro hub 5 get 
separated, the contact between balk ring convex portion 4d and synchro hub concave portion 5d 
can be reliably prevented. 

[93] Therefore, as shown in Figures 15 and 16, when coupling sleeve 1 is moved from the 
neutral position to the shift direction, insert keys 6 push balk ring 4 and balk ring cone surface 4a 
and clutch gear cone surface 3 a come into contact with one another, but since the axial distance 
of relative rotation positioning convex portion 7, or L4, is shorter than the distance of the 
movement of balk ring 4, or L3, the fitting of relative rotation positioning convex portion T and 
concave portion 8' is released so the synchronizing operation becomes possible (refer to Figures 
17 and 18). 
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[94] Then, insert keys 6 push balk ring 4, balk ring cone surface 4a and clutch gear cone 
surface 3 a come into contact with one another, a minute synchronizing torque is generated, and 
indexing of balk ring 4 is performed. The indexing is performed (by sliding) along the inclined 
surfaces of the cam of balk ring convex portion 4d and synchro hub concave portion 5d. 
Therefore, a spontaneous synchronizing force is generated by balk ring convex portion 4d and 
synchro hub concave portion 5d at the time that the indexing is performed and balk ring 4 does 
not use the input from coupling sleeve 1, so the synchronizing operation begins spontaneously. 

[95] Then, after indexing of balk ring 4 is completed, coupling sleeve 1 moves even 
further, coupling chamfer la pushes balk ring chamfer 4b and spontaneous synchronizing torque 
and synchronizing torque generated by the pushing force of coupling chamfer la on balk ring 
chamfer 4b cause the synchronizing operation to take place. When synchronization is completed, 
coupling chamfer la pushes through balk ring chamfer 4b (refer to Figures 19 and 20). 

[96] Then coupling chamfer 1 a pushes through balk ring chamfer 4b, and strokes it and 
when coupling chamfer la moves as far as the position between itself and where it comes into 
contact with balk ring chamfer 4b, coupling chamfer la finishes pushing through balk ring 
chamfer 4b. 

[97] Next, coupling chamfer la strokes and interlocks with clutch gear chamfer 3b so that 
synchro hub 5 and clutch gear 3 are integrated by means of a spline connection via coupling 
sleeve 1 and shifting is completed. 

[98] At the "shifting completed" state, at the point at which the synchronization that took 
place before shifting was completed is finished, balk ring 4 returns to the neutral position (initial 
position) due to the force of a return spring (not shown in the Figure) and relative rotation 
positioning convex portion 7 and concave portion 8 also return to the initial position in 
accordance with the return of balk ring 4 to its initial position. In other words, after balk ring 
chamfer 4b is pushed through, since the circumferential length L5 of the opening of relative 
rotation positioning concave portion 8' is set to be longer than the circumferential length of the 
top of relative rotation positioning convex portion 7\ relative rotation positioning convex portion 
T enters relative rotation positioning concave portion 8' due to the force of the return spring. 
The rest of the operations are the same as for Working Example 1, so an explanation has been 
omitted. 
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[99] Next is provided an explanation of the results obtained. The results as specified below, 
in addition to the results shown in (1) - (5) of Working Example 1 were obtained in relation to 
the transmission synchronizer in Working Example 2. 

[100] (7) Since said relative rotation positioning concave portion 8' is a trapezoidal groove 
with a narrower circumferential length at the opening than the circumferential length at the 
bottom, and said relative rotation positioning convex portion T is a trapezoidal projection with a 
wider circumferential length at the top than the circumferential length at the base, draw force fN 
is generated when balk ring 4 is returned in the direction of synchro hub 5 due to the reverse 
slope of the inclined surfaces of relative rotation positioning convex /concave portions T and 8', 
so even if there is input such as vibration, for example, in the direction in which balk ring 4 and 
synchro hub 5 get separated, the contact between balk ring convex portion 4d and synchro hub 
concave portion 5d can be reliably prevented. 

[101] (8) Since the circumferential length of the opening of relative rotation positioning 
concave portion 8' is L5, and the circumferential length of the top of relative rotation positioning 
convex portion T is L6 and L5 was set to be longer than L6, as shown in Figure 20, once the 
interlocking of relative rotation positioning convex/concave portions T and 8' that takes place 
when the shift is made from neutral to synchronization is released, relative rotation positioning 
convex/concave portions T and 8' can be reliably returned to their initial interlocked state in 
accordance with the return of balk ring 4 to its initial position. 

Working Example 3 

[102] Working Example 3 is an example in which the relative rotation regulating structure 
consists of a rectangular groove and two rectangular projections. 

[103] In other words, as shown in Figure 21, the relative rotation regulating structure for 
Working Example 3 is provided in a position that faces the axial direction of said synchro hub 5 
and said balk ring 4 and consists of relative rotation positioning concave portion 8" and relative 
rotation positioning convex portion 7" that regulate the amount of relative rotation between 
synchro hub 5 and balk ring 4 by means of concave-convex contact. In addition, said relative 
rotation positioning concave portion 8" is a rectangular groove and said relative rotation 
positioning convex portion 7" consists of two rectangular projections arranged in parallel. 
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[104] The rest of the configuration is the same as that for Working Example 1, so an 
explanation has been omitted. Also, the operation is the same as that for Working Example 1, so 
an explanation of this has been omitted as well. 

[105] Next, an explanation is provided of the results obtained. The results as specified 
below, in addition to the results shown in (1) - (5) of Working Example 1 were obtained in 
relation to the transmission synchronizer in Working Example 3. 

[106] (9) Since said relative rotation positioning concave portion 8" is a rectangular groove 
and said relative rotation positioning convex portion 7" consists of two rectangular projections, 
the overall width of both relative rotation positioning concave portion 8" and relative rotation 
positioning convex portion 7" becomes larger, making it easier to control dimensions and 
allowing for more precise setting of the circumferential gap between relative rotation positioning 
convex/concave portions 7" and 8". 

Working Example 4 

[107] Working Example 4 is an example of an application of an automatic MT for the 
synchronizer in either of Working Examples 1, 2, or 3. 

[108] In other words, as shown in Figure 22, the synchronizer for Working Example 4 is 
equipped with engine 40, electromagnetic clutch 41, automatic MT 42, clutch actuator 43, shift 
actuator 44, automatic MT control unit 45 and engine control unit 46. The automatic MT has an 
input shaft connected to an engine via a clutch and changes the rotational speed of the input shaft 
to transmit to an output shaft. The clutch is automatically operated by an actuator which is 
controlled with signals from the control unit 45. 

[109] Automatic MT control unit 45 inputs a shift command from shift command 
generating means 47, such as a shift lever, and outputs control commands to clutch actuator 43 
and shift actuator 44, based on the shift command. In addition, the shift position is indicated on a 
shift position indicator provided in a position that can be visually confirmed by the driver. 

[110] Engine control unit 46 inputs sensor signals from accelerator aperture sensor 49, 
engine speed sensor 50 and vehicle speed sensor 5 1 and outputs control commands to 
electronically controlled throttle valve 52 and fuel injector 53. Automatic MT control unit 45 and 
engine control unit 46 are connected via a two-way communication line so that when shifting, for 
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example, a command to lower the engine torque can be output from automatic control unit 45 to 
engine control unit 46 in order to effectively prevent a shudder when changing gears. 

[1111 Next is provided an explanation of the operation. As shown in Figure 23, when a 
start-shifting-command is output from shift command generating means 47 (Step 1), for 
automatic MT control unit 45 (Step S2), the operation command to clutch actuator 43 (Step S3), 
the clutch cut operation (Step S4), the operation command to shift actuator 43 (Step S5), or only 
the operation command to shift actuator 43 (Step S5) are output. 

[112] Based on the operation command[s] to said shift actuator 43, the internal operation of 
automatic MT 42 is executed in the order of the operation of coupling sleeve 1 (Step S6), the 
synchronization operation starts (Step S7), synchronization ends (Step S8) and shift completed 
(Step S9). 

[113] When the shift process is completed within said automatic MT 42, the process 
proceeds to outputting the operation command to clutch actuator 43 (Step S10) and the clutch 
connecting operation (Step SI 1) and the shift operation ends. 

[114] When shifting, the shift operating force for shift actuator 44 is reduced by a 
synchronizing support force, so a compact actuator can be used, which is advantageous from the 
standpoint of cost and space. 

[115] An explanation has been provided of Working Examples 1-4 for the transmission 
synchronizer pertaining to the present invention. However, in terms of the specific configuration, 
the present invention is not limited to these working examples and additions or changes may be 
made to the design, as long as they do not deviate from the subject matter of the invention 
pertaining to the claims of the present patent application. 

[116] For example, the synchronizing support force generating mechanism provided 
between the synchro hub and balk ring in Working Examples 1-3 is not limited to a key-type 
synchronizing device and could be a pin-type synchronizing device or another type of 
synchronizing device that has a synchro hub and balk ring that rotate relative to one another 
during the initial stage of synchronization. 

[117] In Working Examples 1-3, a synchronizing support force generating mechanism that 
has cam surface contact from inclined surfaces was used, but as long as the mechanism converts 
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the circumferential force induced by the relative rotation that is generated between the synchro 
hub and balk ring to an axially applied synchronizing support force, the specific mechanism is 
not limited to the mechanisms described in Working Examples 1-3. And, the various 
mechanisms described in Japanese Patent No. 2004-135994, for example, could be used. 

[118] In Working Examples 1-3, a rectangular or trapezoidal groove and projections were 
used for the structure for the relative rotation regulating structure, but as long as it is a structure 
provided between the balk ring and synchro hub, and when in neutral, regulates the amount of 
relative rotation between the balk ring and the synchro hub so that said a synchronizing support 
force is not generated, it is not limited to the structures described in Working Examples 1-3. 

Industrial Applicability 

[119] The synchronizer pertaining to the present invention can be applied to a manual 
transmission in which the shifting operation is performed manually by the driver using a shift 
lever, or to what is referred to as an automatic MT, which has a control-type clutch located 
between the engine and the transmission whereby the shifting operation is performed by a motor 
actuator while the control-type clutch is disengaged when changing gears. 

CONCLUSION 

[120] Although specific embodiments have been illustrated and described herein, it will be 
appreciated by those of ordinary skill in the art that any arrangement, which is calculated to 
achieve the same purpose, may be substituted for the specific embodiment shown. This 
application is intended to cover any adaptations or variations of the present invention. Therefore, 
it is manifestly intended that this invention be limited only by the claims and the equivalents 
thereof. 
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